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(57) ABSTRACT

A rotation angle detecting apparatus 6 comprises a shaft
portion space 4 formed in a rotation shaft 1, a bearing holder
space 5 formed in a bearing holder 3, a first condenser lens 7
accommodated in the shaft portion space, a second condenser
lens 8 provided in the bearing holder space and provided to
face the first condenser lens, a detection pattern 11 provided
at a focal position of one of the first condenser lens and the
second condenser lens, an image sensor 12 provided at a focal
position of the other of the first condenser lens and the second
condenser lens, and an arithmetic unit 14 for calculating an
angle displacement of the rotation shaft based on a signal
from the image sensor, wherein the detection pattern has an
angle detection pattern 26 in which bar-like line segments
extending in a radial direction are arranged at a predetermined
angle pitch and a ring-like track is formed by bar-like line
segments, and a reference designation pattern 27 for indicat-
ing a reference position of the angle detection pattern, and the
arithmetic unit carries out a total circumferential scanning on
the track with a predetermined radius with a center of the
angle detection pattern as the center in regard to a projection
image of the detection pattern obtained by the image sensor,
extracts a frequency component, carries out a scanning of the
reference designation pattern, and calculates the angle dis-
placement of the rotation shaft based on a phase difference of
the frequency component and the number of frequencies cor-
responding to a change in a position of the reference desig-
nation pattern.

5 Claims, 6 Drawing Sheets
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1
ROTATION ANGLE DETECTING APPARATUS

This application is a continuation of U.S. patent applica-
tion Ser. No. 13/868,521 filed Apr. 23, 2013, which claims
priority of Japanese Patent Application Serial No. 2012-
101786 filed Apr. 26, 2012, the disclosures of which are
incorporated herein by reference.

BACKGROUND OF THE INVENTION

The present invention relates to a rotation angle detecting
apparatus that highly accurately detects a rotation angle.

In the industrial machines, the surveying instruments, and
others, a rotation angle detecting apparatus that detects a
rotation angle is provided in a rotation unit. Nowadays, a
highly accurate and small rotation angle detecting apparatus
is demanded for these machines or instruments.

In general, as a rotation angle detecting apparatus used in a
surveying equipment, an encoder is adopted, and a highly
accurate encoder is expensive. Further, in order to improve a
rotation accuracy of a rotation shaft to a required accuracy,
just managing a machining accuracy for each individual com-
ponent is difficult, the fine adjustment and the precision fin-
ishing in an assembled state of the rotation shaft and a bearing
holder are required, which results in a very high price.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a rotation
angle detecting apparatus that is small in size and has a simple
configuration.

To attain the above object, a rotation angle detecting appa-
ratus according to the present invention comprises a shaft
portion space formed in a rotation shaft, a bearing holder
space formed in a bearing holder, a first condenser lens
accommodated in the shaft portion space, a second condenser
lens provided in the bearing holder space and provided to face
the first condenser lens, a detection pattern provided at a focal
position of one of the first condenser lens and the second
condenser lens, an image sensor provided at a focal position
of the other of the first condenser lens and the second con-
denser lens, and an arithmetic unit which calculates an angle
displacement of the rotation shaft based on a signal from the
image sensor, wherein the detection pattern has an angle
detection pattern in which the bar-like line segments extend-
ing in aradial direction are arranged at a predetermined angle
pitch and a ring-like track is formed, and a reference desig-
nation pattern indicates a reference position of the angle
detection pattern, and the arithmetic unit carries out a total
circumferential scanning on the track with a predetermined
radius with a center of the angle detection pattern as the center
in regard to a projection image of the detection pattern
obtained by the image sensor, extracts a frequency compo-
nent, scans the reference designation pattern, and calculates
the angle displacement of the rotation shaft based on a phase
difference of the frequency component and the number of
frequencies corresponding to a change in position of the
reference designation pattern.

Further, in the rotation angle detecting apparatus according
to the present invention, the line segments of the angle detec-
tion pattern are obtained by dividing the track by 2n radii at an
equal angle pitch and have a wedge-like shape.

Furthermore, in the rotation angle detecting apparatus
according to the present invention, the detection pattern has a
circular pattern that is concentric with the angle detection
pattern, and the arithmetic unit scans a projection image of
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said circular pattern in two directions orthogonal to each other
and obtains the center of the angle detection pattern.

Moreover, in the rotation angle detecting apparatus accord-
ing to the present invention, the track is equally divided into
an even number, an average of the phases of the frequency
components of the respective line segments in each divided
portion is obtained, and the center of the angle detection
pattern is detected from a phase difference between the
divided portions that face each other.

Additionally, in the rotation angle detecting apparatus
according to the present invention, the total circumferential
scanning is carried out more than once with different radii.

According to the present invention, the rotation angle
detecting apparatus comprises a shaft portion space formed in
a rotation shaft, a bearing holder space formed in a bearing
holder, a first condenser lens accommodated in the shaft
portion space, a second condenser lens provided in the bear-
ing holder space and provided to face the first condenser lens,
a detection pattern provided at a focal position of one of the
first condenser lens and the second condenser lens, an image
sensor provided at a focal position of the other of the first
condenser lens and the second condenser lens, and an arith-
metic unit for calculating an angle displacement of the rota-
tion shaft based on a signal from the image sensor, wherein
the detection pattern has an angle detection pattern in which
bar-like line segments extending in a radial direction are
arranged at a predetermined angle pitch and a ring-like track
is formed by bar-like line segments, and a reference designa-
tion pattern for indicating a reference position of the angle
detection pattern, and the arithmetic unit carries out a total
circumferential scanning on the track with a predetermined
radius with a center of the angle detection pattern as the center
in regard to a projection image of the detection pattern
obtained by the image sensor, extracts a frequency compo-
nent, carries out a scanning of the reference designation pat-
tern, and calculates the angle displacement of the rotation
shaft based on a phase difference of the frequency component
and the number of frequencies corresponding to a change in
position of the reference designation pattern. Therefore, the
distortion of the pattern, a shape error of the line segments, the
illumination unevenness, a difference in sensitivity between
the pixels, and a quantization error are canceled out and
averaged, and hence a small and highly accurate configura-
tion can be obtained.

Further, according to the present invention, since the line
segments of the angle detection pattern are obtained by divid-
ing the track by 2n radii at an equal angle pitch and have a
wedge-like shape, the equal signals can be acquired as the
signals obtained by scanning the whole circumference irre-
spective of a difference in radius.

Further, according to the present invention, since the detec-
tion pattern has a circular pattern that is concentric with the
angle detection pattern, and the arithmetic unit scans a pro-
jection image of the circular pattern in two directions
orthogonal to each other and obtains the center of the angle
detection pattern, the center position can be easily detected by
the signal processing without physically measuring the cen-
ter, and hence the center can be measured at an arbitrary time
point, e.g., during the measurement.

Further, according to the present invention, the track is
equally divided into an even number, an average of the phases
of the frequency components of the respective line segments
in each divided portion is obtained, and the center of the angle
detection pattern is detected from a phase difference between
the divided portions that face each other. Therefore, the dis-
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tortion of the pattern, a shape error of the line segments, and
others are averaged, and the center position can be highly
accurately detected.

Furthermore, according to the present invention, since the
total circumferential scanning is carries out more than once
with different radii, influences of the distortion of the pattern,
a shape error of the line segments, and the illumination
unevenness are further averaged, the different pixels are used,
a quantization error such as a difference in sensitivity
between the pixels can be averaged and accuracy is improved.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic block diagram of a rotation angle
detecting apparatus according to an embodiment of the
present invention;

FIG. 2 is a schematic block diagram of an arithmetic unit
according to the present embodiment;

FIG. 3 is a view showing an example of a detection pattern
used in the present embodiment;

FIG. 4 is a flowchart of the angle detection and the center
detection according to the present embodiment;

FIG. 5 is a flowchart of the rotation angle detection accord-
ing to the present embodiment;

FIG. 6 is an explanatory view showing a state of the scan
when the angle detection using the detection pattern is per-
formed;

FIG.7A and FIG. 7B are the waveform charts of the signals
obtained by the detection pattern, where FIG. 7A shows the
signals from an angle detection pattern and FIG. 7B shows the
signals from a reference designation pattern; and

FIG. 8 is an explanatory view in case of obtaining a center
position using the angle detection pattern.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

An embodiment according to the present invention will
now be described hereinafter with reference to the accompa-
nying drawings.

First, referring to FIG. 1, a rotation angle detecting appa-
ratus according to an embodiment of the present invention
will be explained.

In FIG. 1, a reference numeral 1 denotes a rotation shaft
which is a rotation angle measurement target, and the rotation
shaft 1 is rotatably supported by a bearing holder 3 through a
bearing 2.

At an end portion of the rotation shaft 1, a cylindrical shaft
portion space 4 is formed so as to be concentric with a shaft
center of the rotation shaft 1, and a shaft end portion has a
hollow configuration. A bearing holder space 5 is formed in
the bearing holder 3 on an extended line of the shaft center of
the shaft portion space 4. The bearing holder space 5 is a space
that is concentric with the shaft portion space 4 and continu-
ous with the shaft portion space 4. In the shaft portion space
4 and the bearing holder space 5, the primary constituent
elements of a rotation angle detecting apparatus 6 are accom-
modated.

A first condenser lens 7 is provided in the shaft portion
space 4, and a second condenser lens 8 is provided in the
bearing holder space 5. A magnifying power of each of the
first condenser lens 7 and the second condenser lens 8 is a
magnifying power of 1, and these lenses have the same focal
length.

The first condenser lens 7 and the second condenser lens 8
have optical axes 9a and 95, respectively, the optical axis 9a
substantially coincides with a shaft center of the rotation shaft
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1, and the optical axis 96 substantially coincides with a shaft
center of the bearing holder space 5.

On a bottom portion of the shaft portion space 4, a detec-
tion pattern 11 is provided, and the detection pattern 11 is
placed at a focal position of the first condenser lens 7. Further,
an image sensor 12 is provided in the bearing holder space 5,
and the image sensor 12 is placed at a focal position of the
second condenser lens 8. It is preferable for the image sensor
12 to be held so that the thermal strain does not occur even
though a temperature increases.

A light emitting unit to illuminate the detection pattern 11
is provided at appropriate position in the bearing holder space
5 or in the shaft portion space 4. The drawing shows a light
emitting unit 13 that is provided on a bottom portion of the
shaft portion space 4 and illuminates the detection pattern 11
as an example.

A basic shape of the detection pattern 11 is a circular shape,
and a diameter of the pattern is approximately 5 mm to 10
mm. Furthermore, it is preferable for a material of a member
forming the detection pattern 11 to be equal or equivalent to a
material of the rotation shaft 1 and a material of the bearing
holder 3, or have the same or equivalent thermal expansion
coefficient as thermal expansion coefficient of the material of
the bearing holder 3.

As the image sensor 12, a CCD or a CMOS sensor or the
like which is an aggregate of the pixels is used. The optical
axis 96 is set so as to run through an origin of a coordinate
system assumed for the image sensor 12, and a position (a
coordinate position) of each pixel can be specified on the
image sensor 12.

A photodetection signal from the image sensor 12 is input
to an arithmetic unit 14, and the arithmetic unit 14 is config-
ured to measure a rotation angle of the rotation shaft 1 and a
runout caused due to an inclination (an inclination angle) of
the rotation shaft 1 based on the photodetection signal.

The detection pattern 11, the first condenser lens 7, the
second condenser lens 8, the image sensor 12, and others
accommodated in the shaft portion space 4 and the bearing
holder space 5 constitute a primary portion of the rotation
angle detecting apparatus 6. Further, the first condenser lens
7 and the second condenser lens 8 constitute a rotation angle
detection optical system 10 for forming a projection image of
the detection pattern 11 on the image sensor 12.

It is to be noted that the detection pattern 11 may be pro-
vided in the bearing holder space 5, and the image sensor 12
may be provided in the shaft portion space 4.

As shown in FIG. 2, the arithmetic unit 14 is mainly con-
figured with a signal processing unit 16, an arithmetic control
unit 17, an angle detection unit 18, a runout detection unit 19,
a storage unit 20, and others.

The signal processing unit 16 executes the signal process-
ing, e.g., amplification or A/D conversion with respect to data
output from the image sensor 12 so that the data can be stored.

In the storage unit 20, various programs are stored. The
programs include a control program for controlling the acqui-
sition of a signal from the image sensor 12, a rotation angle
arithmetic program for detecting a rotation angle of the rota-
tion shaft 1, a runout arithmetic program for detecting a
runout of the rotation shaft 1, a signal processing program for
executing signal processing, e.g., extracting a signal required
to detect a rotation angle or detect a runout, and others.
Furthermore, in the storage unit 20, the image data output
from the image sensor 12, the data obtained by calculation
(which will be described later), and others are stored.

The arithmetic control unit 17 performs calculating and
controlling based on the program, carries out a synchroniza-
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tion control for the acquisition of a signal from the image
sensor 12, and executes the program.

The angle detection unit 18 calculates a rotation angle of
the rotation shaft 1 based on a signal from the image sensor
12, and the angle detection unit 18 is mainly configured with
the rotation angle arithmetic program and the arithmetic con-
trol unit 17. Moreover, the runout detection unit 19 calculates
a runout of the rotation shaft 1 based on a signal from the
image sensor 12, and the runout detection unit 19 is mainly
configured with the runout arithmetic program and the arith-
metic control unit 17.

An example of the detection pattern 11 used in the present
embodiment will now be described with reference to FIG. 3.

A basic shape of the detection pattern 11 is a circle, and the
center of the detection pattern 11 is configured to substan-
tially coincide with an optical axis of the first condenser lens
7, i.e., the optical axis 9a.

The detection pattern 11 is constituted of a circular pattern
25 which is a centering pattern provided at the center, and an
angle detection pattern 26 and a reference designation pattern
27 which are arranged as patterns for angle detection around
the circular pattern 25 concentrically with the circular pattern
25. The circular pattern 25 consists of a plurality of perfect
circles (two concentric multi circles in the drawing) drawn
with a predetermined line width. It is to be noted that, as the
centering pattern, a pattern that enables determining the cen-
ter can suffice, and for example, a cross line can be used.

The angle detection pattern 26 has a configuration that n
line segments 264 (which are darkened portions in the draw-
ing) with a predetermined length extending in a radial direc-
tion are arranged on the entire circumference at an equal angle
pitch, and the line segments 26a form a ring-like track. In
other words, the angle detection pattern 26 is formed by the
fact that a ring having a predetermined track width (a prede-
termined length in the radial direction) is equally divided into
2n on the entire circumference by 2n radii, and the line seg-
ments 26a are formed every other row. Therefore, each of the
line segments 26a has a wedge-like shape and also has a
center angle a of 360°2n. Additionally, the center of the
angle detection pattern 26 is the same as the center of the
circular pattern 25.

The reference designation pattern 27 is formed on the inner
side of the angle detection pattern 26 and concentric with the
angle detection pattern 26. The reference designation pattern
27 has an arc shape having a predetermined width in the radial
direction. Further, the reference designation pattern 27 is
divided into a plurality of patterns in the circumferential
direction and formed of one position designation pattern 27a
and a pair of direction designation patterns 275 arranged on
both the sides of the position designation pattern 27a.

The position designation pattern 27a has the same center
angle as the line segments 264, and the position designation
pattern 27a is placed on the same radial line as one of the line
segments 264.

Each of the direction designation patterns 275 has a sym-
metrical position and a symmetrical shape with respect to the
position designation pattern 274, and also has a circumferen-
tial length (a center angle 5a) across the three line segments
26a. It is to be noted that a width (a circumferential length) of
each of the direction designation patterns 275 is not restricted
to the width corresponding to the three line segments 26a, but
a width different from the width of the line segment 264 can
suffice.

If the detection pattern 11 is a reflection type, the line
segments 264, the position designation pattern 27a, and the
direction designation patterns 275 may be designed to not
reflect the light and any other portion may be designed to be
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reflective, or the line segments 26a, the position designation
pattern 27a, and the direction designation patterns 276 may
be designed to be reflective and any other portion may be
designed to be non-reflective.

Alternatively, if the detection pattern 11 is of a transmissive
type, the line segments 26a, the position designation pattern
27a, and the direction designation patterns 276 may be
designed to transmit the light therethrough and any other
portion may be designed to be non-transmissive, or the line
segments 264, the position designation pattern 27a, and the
direction designation patterns 276 may be designed to be
non-transmissive and any other portion may be designed to be
transmissive.

In the following description, the detection pattern 11 is of
the transmissive type and the line segments 264, the position
designation pattern 274, and the direction designation pat-
terns 27b are of the non-transmissive type.

An operation of the rotation angle detecting apparatus 6
will now be described.

The rotation angle detecting apparatus 6 can detect a rota-
tion angle and a runout (a slant of the rotation shaft) caused by
the rotation.

An image of the detection pattern 11 is projected onto the
image sensor 12 in the one-on-one relationship by the opera-
tion of the first condenser lens 7 and the second condenser
lens 8, and the image sensor 12 produces a signal correspond-
ing to the image of the detection pattern 11 as received.

When the rotation shaft 1 rotates, the detection pattern 11
rotates integrally with the rotation shaft 1, and the detection
pattern image as rotated is projected onto the image sensor 12.
Since the image sensor 12 produces a photodetection signal in
accordance with each pixel, for example, when the angle
detection pattern 26 and the reference designation pattern 27
move, a position of each pixel that photodetects the images of
the angle detection pattern 26 and the reference designation
pattern 27 varies. Therefore, detecting a change in position of
each pixel that photodetects the images of the angle detection
pattern 26 and the reference designation pattern 27 based on
the signal from the image sensor 12 enables detecting a rota-
tion angle of the rotation shaft 1 with respect to the bearing
holder 3.

Moreover, when the rotation angle is differentiated with a
time difference between the angles before and after the angle
varies, a rotating speed can be detected. Additionally, when a
change in center position of the angle detection pattern 26 is
detected, a runout can be detected with this time difference.

With reference to FIG. 4 to FIG. 6, the detection of a
rotation angle and the detection of a runout will now be
described.

First, the initial data is acquired at STEP 01 to STEP 08.

STEP 01 A signal from the image sensor 12 is acquired
before the measurement starts (i.e., an initial state), an image
data of the detection pattern 11 (which will be referred to as a
pattern image data hereinafter) is acquired through the signal
processing executed by the signal processing unit 16, and the
pattern image data is stored in the storage unit 20.

In regard to each of the stored pattern image data, a scan
line is set on an image signal (on the data stored in the storage
unit 20), the scan is carried out along the scan line, and the
data required for the detection of an angle or the detection of
a runout is obtained. Here, since the scan line is a virtual line
set on the image data, an arbitrary number of the scan lines
can be set at the arbitrary positions, and increasing the num-
ber of the scan lines enables improving a measurement accu-
racy.

FIG. 6 shows a relationship between the circular pattern 25,
the angle detection pattern 26, the reference designation pat-
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tern 27, and the scan lines in the detection pattern image. In
FIG. 6, X and Y represent an X axis and aY axis set on the
image sensor 12. An intersecting point of the X axis and the Y
axis, i.e., an origin of an X-Y rectangular coordinate coin-
cides with the optical axis 95. Further, in FIG. 6, the darken-
ing of the line segments 264, the position designation pattern
27a and the direction designation patterns 275 is omitted.

STEP 02 A center position of the detection pattern 11 is
coarsely detected. The coarse detection of the center position
is carried out based on the circular pattern 25.

A predetermined range is set with the origin of the X-Y
rectangular coordinate as a reference, and a necessary number
(three in the drawing) of the scan lines 37a and 375 is set so
as to be parallel to the X axis and the Y axis. The scan is
carried out along the scan lines 374 and 375, and a signal of
each pixel placed on the respective scan lines 374 and 375 is
acquired. Based on a signal of each pixel as acquired, the
circular pattern 25 is detected.

By detecting the circular pattern 25, the center of the circle,
i.e., the center position of the detection pattern 11 is obtained
as a coordinate value in the X-Y rectangular coordinate.

The circular scan lines 384, 385, and 38¢, and a scan line 39
are set with the obtained center position at the center.

The scan lines 38a, 385, and 38¢ are the concentric circles,
set on the angle detection pattern 26, and have radii meeting
R1>R2>R3, and R1, R2, and R3 are known values, respec-
tively. It is to be noted that the number of the scan line 38 is set
to be three, but is appropriately decided in accordance with a
required accuracy. Furthermore, the scan line 39 is set on the
reference designation pattern 27.

STEP 03 The scan line 39 is scanned in regard to the
reference designation pattern 27, and signals are acquired in
relation to the scan line 39. The acquired signals are shown in
FIG. 7B. When the scan line 39 is scanned, a position of the
reference designation pattern 27, i.e., a position of the posi-
tion designation pattern 274 is obtained. The position of the
reference designation pattern 27 may be acquired as a polar
coordinate, or may be converted into the X-Y rectangular
coordinate and then acquired.

STEP 04, STEP 05 In regard to the angle detection pattern
26, the total circumferential scanning is carried out on the
scan lines 38a, 386, and 38¢, and signals are obtained with
respect to the respective scan lines 38a, 385, and 38c¢.

The signals obtained by scanning the scan lines 384, 385,
and 38¢ are shown in FIG. 7A. In regard to the scan, the scan
line is changed every rotation (360°), and the scan line is
changed from the scan line 38a to the scan line 385 and from
the scan line 385 to the scan line 38¢. By the fact that the total
circumferential scanning is carried out on the respective scan
lines 384, 385, and 38¢ and the obtained results are averaged,
errors are cancelled out, and a highly accurate phase is mea-
sured.

STEP 06 Subsequently, a region with respect to the angle
detection pattern 26 is set. It is to be noted that the region may
be set simultaneously with setting the scan lines 384, 385, and
38c.

FIG. 8 shows an example of the region setting.

With a center position obtained by the coarse detection in
STEP 02 as a reference, the angle detection pattern 26 is
equally divided into an even number (divided into four in the
drawing) in the circumferential direction. The divided por-
tions belonging to a range of 180° which is one of portions as
divided by two are determined as Al and A2, the divided
portions belonging to another range of 180° as B1 and B2.
Further, the divided portion A1 and the divided portion B1 are
arranged to face each other, and the divided portion A2 and
the divided portion B2 are arranged to face each other. There-
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fore, the phases of the divided portions corresponding to each
other are 180° different from each other. Each of the above-
described divided portions is determined as one region.

STEP 07 First, the total circumferential scanning is carried
out along the scan line 38a, and in the obtained signals,
signals of the line segments 26a belonging to each divided
portion are acquired.

When the average waveform signals of frequencies of the
divided portions obtained from all the scan lines 384, 385, and
38c are further averaged, a highly accurate waveform can be
obtained.

STEP 08 In regard to the divided portions as described
above, when the waveform and the phase as averaged are
acquired, an averaged center position of the divided portion
can be acquired with respect to each divided portion. Further-
more, when a polar coordinate of the center position of the
divided portion is subjected to the coordinate transformation,
a coordinate position of the center position of the divided
portion in the X-Y rectangular coordinate can be obtained.

For example, referring to FIG. 8, the center position on the
X-Y rectangular coordinate of each divided portion, i.e., each
of'the divided portion A1, the divided portion B1, the divided
portion A2, and the divided portion B2 can be obtained
respectively by calculation.

A straight line (Y center line) connecting the center of the
divided portion A1 to the center of the divided portion B1 and
a straight line (X center line) connecting the center of the
divided portion A2 to the center of the divided portion B2 can
be obtained. A center position of the X center line (a midpoint
of'the X center line) and a center position of the Y center line
(a midpoint of the Y center line) become a center position of
the detection pattern 11, respectively, and a coordinate posi-
tion on the rectangular coordinate (a coordinate position on
the X-Y rectangular coordinate system) is calculated.

The obtained highly accurate center position of the detec-
tion pattern 11 is stored in the storage unit 20 as an initial
center coordinate.

It is to be noted that the X center line and the Y center line
are represented by the following expressions.

X center line=[®(41)-D(B1)]/2

Y center line=[®(42)-D(B2)])/2

When the initial reference position, the initial waveform,
the initial phase, and the initial center position in the initial
state are acquired, a rotation angle of the rotation shaft 1 is
measured.

The detection of the rotation angle will now be described
with reference to FIG. 5.

STEP 31, STEP 32 In a state that the rotation shaft 1 is
rotated a necessary angle, STEP 01 to STEP 08 are executed,
and the data after the rotation, i.e., a reference position, a
waveform, a phase, and a center position of the detection
pattern 11 are obtained.

STEP 33 A coarse rotation angle is obtained from the initial
reference position and a post-rotation reference position of
the reference designation pattern 27. The coarse rotation
angle can be obtained by multiplying a number N of the line
segments 26a present between the initial reference position
and the post-rotation reference position (i.e., a number of
frequencies present between the initial reference position and
the post-rotation reference position) by 360°/n.

STEP 34 A precise rotation angle is obtained based on the
initial phase and the post-rotation phase. A phase difference o
is obtained from the initial phase and the post-rotation phase.
When this phase difference o is multiplied by 360°n, an
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angle deviation in accordance with the phase difference can
be obtained. Therefore, the precise rotation angle is as fol-
lows:

Nx360°/n+0x360°/n

STEP 35 By comparing the coordinate of the initial center
position of the detection pattern 11 is compared with the
coordinate ofthe post-rotation center position of the detection
pattern 11, a deviation amount and a deviation direction can
be calculated, and by correcting the measured rotation angle
based on the deviation amount and the deviation direction as
obtained, highly accurate angle measurement can be per-
formed while taking the eccentricity of rotation and the
runout into consideration. That is, even if the rotation shaft 1
has the runout, the highly accurate angle measurement can be
executed.

If the center position in the initial state does not coincide
with the optical axis 95, i.e., the X-Y rectangular coordinate,
previously acquiring the information of the runout when the
rotation shaft 1 makes one revolution likewise enables per-
forming the highly accurate angle measurement.

The rotation shaft 1 is rotated 360° at a predetermined
angle pitch, and the center position (the center coordinate) of
the detection pattern 11 at each angle pitch is obtained.

It the detection pattern 11 deviates from the optical axis 9a
or the rotation shaft 1 has the runout with respect to the
bearing holder 3, the center position of the detection pattern
11 does not coincide with the optical axis 95, and a locus of
the center position is a circle or an ellipse (which will be
referred to as an eccentric circle hereinafter).

However, the obtained eccentric circle has the high repro-
ducibility because of the mechanism and, if a rotating posi-
tion (a rotation angle) of the rotation shaft 1 is known, a
direction and an amount of the runout can be accurately
grasped based on a locus of the deviation. Therefore, if the
eccentric circle as the correcting information is acquired in
advance, a measured angle is corrected, and the highly accu-
rate angle measurement can be performed even in case of a
rotation shaft having the runout. That is, highly accurate
adjustment of a shaft of the rotation shaft 1 is not needed, and
a production cost can be reduced.

As described above, since the eccentric circle has the high
reproducibility, once the data of the eccentric circle is
obtained, STEP 35 can be omitted.

The invention claimed is:

1. A rotation angle detecting apparatus, comprising a
detection pattern, an image sensor on which said detection
pattern is projected and capable of relatively rotating with
respect to said detection pattern, and an arithmetic unit for
calculating an angle displacement between said detection
pattern and said image sensor based on a signal from said
image sensor,
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wherein said detection pattern comprises an angle detec-
tion pattern in which bar-like line segments extending in
a radial direction are arranged at a predetermined angle
pitch and a ring-like track is formed by bar-like line
segments, a reference designation pattern for indicating
a reference position of said angle detection pattern, and
a centering pattern provided at a center of said angle
detection pattern,
a X-Y rectangular coordinate is set on said image sensor,
said arithmetic unit coarsely detects a center of said detec-
tion by scanning said centering pattern in two directions
of X axis and Y axis, in regard to a projection image of
said detection pattern obtained by said image sensor,

carries out two or more total circumferential scanning on
said track with a circle with a coarse center obtained by
coarse detection as the center, extracts a frequency com-
ponent and scans said reference designation pattern, and
calculates the angle displacement between said detec-
tion pattern and said image sensor based on a phase
difference of said frequency component and the number
of frequencies corresponding to a change in position of
said reference designation pattern.

2. The rotation angle detecting apparatus according to
claim 1, wherein a predetermined range is set on said image
sensor with an origin of the X-Y rectangular coordinate as a
reference, said predetermined range is scanned in two direc-
tions of X axis and Y axis, and the coarse center is obtained.

3. The rotation angle detecting apparatus according to
claim 1, wherein said total circumferential scanning is
executed by changing a radius per scanning, said frequency
component obtained by each scanning is averaged, and the
numbers of scanning are decided in accordance with a
required accuracy.

4. The rotation angle detecting apparatus according to
claim 1, wherein said track is equally divided into an even
number with said coarse center as a reference, and by obtain-
ing an average of phases of said frequency components of
respective line segments in each divided portion respectively,
a center of a divided portion is obtained and a precise center
of said detection pattern is obtained based on the centers of
the divided portions that face each other.

5. The rotation angle detecting apparatus according to
claim 4, wherein said detection pattern and said image sensor
is relatively rotated per predetermined angle, the precise cen-
ter is obtained per each rotation and said detection pattern and
said image sensor is relatively rotated in total circumference,
an eccentric circle formed by a locus of said precise center is
obtained, and a rotation angle detected by said detection
pattern is corrected based on an eccentric direction and an
amount of eccentricity acquired according to said eccentric
circle.



